Seven patients, four months to ten years of age, with total anomalous pulmonary venous connection (TAPVC) were studied by echocardiography. The diagnosis was confirmed by cardiac catheterization, angiography, and surgery in each. The connection was to the left vertical vein in four patients, to the coronary sinus in one, to the inferior vena cava in one, and directly to the right atrium in one. All patients exhibited the echocardiographic criteria of right ventricular diastolic volume overload (RVDVO). In addition, an echo-free space was identified dorsal to the posterior wall of the left atrium. Indocyanine green dye studies done in one of the patients provided evidence that this echo-free space represents the common pulmonary venous chamber.
malformation, may cause congestive heart failure in infancy' and since most infants under three months of age with this anomaly can be improved by balloon atrial septostomy,2 early recognition of the defect is critical to successful management. Often diagnosis is delayed because of the difficulty in clinical differentiation of this entity from the respiratory distress syndrome of the newborn.3 TAPVC has been recognized as one of the clinical entities which can produce the echocardiographic criteria of right ventricular diastolic volume overload (RVDVO),4 5 but specific echocardiographic features have not been established.
The purpose of this report is to describe a new echocardiographic finding observed in seven patients with various types of TAPVC.
Materials and Methods
The age of the patients ranged from four months to ten years (table 1) . Cardiac catheterization and angiography were performed in each case, and all but one have had sur-gical correction of the defect. Echocardiography was performed preoperatively in four patients, postoperatively in two, and both pre-and postoperatively in one. Among the five patients who were studied before surgery, two had a large atrial septal defect and the other three had had a balloon atrial septostomy prior to echocardiographic examination.
Between July 1973 and August 1974 a total of 218 infants and children had an echocardiogram performed in our laboratory. After the echocardiographic feature to be described was first identified in a patient with TAPVC (echocardiographic examination #50), we searched for this finding in the next 168 patients. These included 109 with congenital heart disease, 33 with acquired heart disease and 26 normal subjects. Among the 109 patients with congenital heart disease, six had TAPVC; these six, with the one in whom the feature was first recognized, form the basis of this report.
In the first five patients the echocardiographic examinations were performed with a Unirad ultrasonoscope equipped with a Polaroid camera, and one of these patients was restudied postoperatively with a Hoffrel ultrasonoscope (Model 101), combined with a Honeywell visicorder #1856. The last two patients were studied with the latter equipment. In:all cases a 3.5 MHz transducer with an outer diameter of 0.5 inch focused at 5 cm was used. A water soluble gel was used to assure airless contact of the transducer with the chest wall.
The patients were examined in the supine position with the transducer placed in the third or fourth left intercostal space near the sternal edge and directed posteriorly, inferiorly and laterally. With this angulation, echoes were obtained from the right ventricular anterior wall, the interventricular septum, the mitral valve, and th. left ventricular posterior wall. From this position superior and medial angulation of the transducer permitted the recording of echoes from the right ventricular outflow tract, the aortic valve, and the left atrium (LA). Finally, inferior and medial angulation permitted visualization of the echoes from the 599 With the transduticer directed s5 as to obtain echoes from the aortic valve leaflets and the LA, injections of 1 ml of indoevaanine green dye were made into the common pulmonarv venous chamber (C1PVC(), the left vertical vein (LA\ ), and the LA while the echocardiogram was recorded.
Before each injection the position of the catheter was verified hb fluoroscopy, recording of pressure, and determination of oxvgen saturation.
Results
Cardiac catheterization and angiography confirmed the diagnosis and identified the site of the abnormal connection in each patient. The main pulmonary artery peak svstolic pressure ranged from 35 to 105 mm Hg (table 1) . Selective angiography in each case demonstrated the presence of a CPVC ( fig. 1 ) situated behind the atrial cavities and this was later confirmed at surgery in six cases.
The echocardiographic appearance of the aortic and mitral valves was normal in all patients but one (case 7) who had associated endocardial cushion defect. The tricuspid valve was easily recorded, and its excursion was either normal or increased in amplitude. All seven patients demonstrated the echocardiographic features of RVDVO ( fig. 2 ). The right ventricular dimension index was increased in all. In one patient, the movement of the ventricular septum was paradoxical, i.e., anteriorly in systole (type A), and in the other six, the echoes from the ventricular septum had little motion during ventricular ejection (type B).8
In addition, in all seven patients an echo-free space coronarvy sinius; LA left1 CPVC = coinnion pulmonary, venious chamiber.
was observed behind the posterior wall of the left atrium ( fig. 3 ). In three of the patients, this echo-free space was visualized also behind the posterior wall of the right atrium ( fig. 4) . In all cases this finding was constant throughout the examination and could be reproduced easily on repeated examinations. In those patients in whom an M-mode are-scan from aorta to mitral valve could be obtained, the echo-free space was seen to disappear at the level of the atrioventricular junction ( fig. 5 ). In two patients the echo-free space could be recorded with the acoustic beam passXtEi^~~C.P.V.C.. ing through the mitral valve annulus, but the space would disappear with more inferior and lateral angulation of the transducer.
Four of the five patients who vere studied preoperativelv had a normal left atrial dimension, and one had an abnormally small LA. In the latter patient the left atrial dimension was still smaller than normal on restudy one week after surgery. The left atrial size was normal in both patients who were studied only postoperatively (table 1) . The anteroposterior dimension of echo-free space was measured at end-systole. In three of the four patients who were studied preoperatively only, the echo-free space was smaller than the left atrial dimension, and it was larger in the fourth. The echo-free space was smaller than the LA in both patients who were studied only postoperatively (table 1 ). In the other patient, who was studied both pre-and postoperatively, the echo-free space was larger than the LA before surgery, but the reverse was found after surgery ( fig. 6 ). In none of the 168 patients who served as control did we observe a similar echo-free space behind the posterior wall of the left atrium. echoes filled successively the LA, the RVOT, and the aorta ( fig. 7A ). Following injection of green dye in the LA, a cloud of echoes first appeared in the LA, with filling of the RVOT and the aorta during the next systole; no echoes were seen in the echo-free space dorsal to the posterior wall of the LA (fig. 7B) mal. In none of these reports was there a mention of an echo-free space behind the atria.
In each patient included in the present study an echo-free space was identified dorsal to the posterior wall of the LA. Indocyanine green dye studies performed in one of the patients demonstrated that this echo-free space represents the CPVC.
We believe that the identification of this common chamber, combined with echocardiographic evidence of RVDVO, is strongly suggestive of TAPVC irrespective of the site of drainage. This study includes patients with anomalous pulmonary venous connection to the left vertical vein, the coronary sinus, the right atrium, and the inferior vena cava, and in each case the same echocardiographic features were observed. However, each patient had a CPVC in which the pulmonary veins converged. The presence of such a chamber appears to be a requirement for diagnosis by echocardiography. In most cases of TAPVC, such a chamber exists and is situated immediately behind the posterior wall of the left atrium ( fig. 8) . It is this precise anatomic arrangement which allows surgical correction of this malformation. '2 In the cases of TAPVC in which the pulmonary veins do not enter a common chamber, or if the common chamber is not located immediately behind the left atrium, the diagnosis cannot be made using the criteria outlined in this study. It follows that a negative echocardiogram does not necessarily exclude the diagnosis of TAPVC.
Three patients were studied one week (cases 1 and 5) to eight years (case 6) after surgical correction of their defect. In each case the echocardiographic findings were similar to those observed in the patients studied before surgery; the CPVC was still visualized dorsal to the LA. This is an expected finding since surgery for this lesion does not consist of removing the CPVC but rather of anastomosing it to the left atrium. 12 Consequently, postoperatively the anatomic relationship between the atrial cavity and the CPVC persists.
The normal left atrial size in four of our five patients who were studied preoperatively is probably related to Godman et al.1' have suggested that in newborns with TAPVC the presence of pulmonary hypertension may prevent the deve-lopment of abnormal septal motion. Although none of our patients were studied in the newborn period, all exhibited abnormal motion including the two with systemic pressure in the pulmonary artery (table 1) .
A series of small ill-defined echoes of unknown source can be recorded occasionally ventral to the posterior wall of the left atrium;6 with low amplification, these echoes may suggest the presence of an additional chamber behind the left atrium. These echoes are weak and irregular, unlike the strong and regular echo produced by the septum between the left atrium and the CPVC.
An echo-free space, similar to that observed in the patients with TAPVC could be produced by cor triatriatum. A recent report by Nimura et al. 13 describes the echocardiographic features of cor triatriatum. This condition can produce a strong echo The criteria presented in this study appear to be specific for TAPVC when the drainage is through a common pulmonary venous chamber.
